The nucleotide and deduced amino acid sequences of genome segment 10 of aquareovirus strain SBR, encoding the major outer capsid protein (VP7), have been determined. Genome segment 10 of SBR virus is 986 nucleotides long and encodes a polypeptide of 298 amino acids with a predicted molecular mass of 32 430 Da. There are 26 nontranslated nucleotides at the 5h end and 66 nontranslated nucleotides at the 3h end. Using a recombinant baculovirus system, the VP7 protein of SBR virus was expressed to a high level. The baculovirus-produced VP7 protein was similar both in its size and antigenic properties to the authentic aquareovirus VP7 protein. Antiserum from a rabbit immunized with the baculovirus-produced VP7 protein failed to neutralize the homologous aquareovirus strain. As determined by Western blotting, this antiserum reacted with aquareovirus strains belonging to the same genogroup as SBR virus, but did not react with aquareovirus strains belonging to the other genogroups.
The nucleotide and deduced amino acid sequences of genome segment 10 of aquareovirus strain SBR, encoding the major outer capsid protein (VP7), have been determined. Genome segment 10 of SBR virus is 986 nucleotides long and encodes a polypeptide of 298 amino acids with a predicted molecular mass of 32 430 Da. There are 26 nontranslated nucleotides at the 5h end and 66 nontranslated nucleotides at the 3h end. Using a recombinant baculovirus system, the VP7 protein of SBR virus was expressed to a high level. The baculovirus-produced VP7 protein was similar both in its size and antigenic properties to the authentic aquareovirus VP7 protein. Antiserum from a rabbit immunized with the baculovirus-produced VP7 protein failed to neutralize the homologous aquareovirus strain. As determined by Western blotting, this antiserum reacted with aquareovirus strains belonging to the same genogroup as SBR virus, but did not react with aquareovirus strains belonging to the other genogroups.
Aquareoviruses are members of the family Reoviridae (Francki et al., 1991) and are among the most frequently isolated fish viruses. These viruses have been isolated from a variety of aquatic animals, including shellfish, fish and crustaceans from a wide variety of geographical areas and environments. Some aquareoviruses were isolated from diseased fish, while others were isolated from normal fish undergoing routine examination. Pathogenesis studies have The sequence reported in this paper has been deposited in the GenBank database with accession no. U83396.
shown that aquareoviruses can cause mortality and\or induce microscopic changes in hepatic and renal tissues. Aquareoviruses share with other members of the family Reoviridae a common virion structure and genome organization. The virus particles are non-enveloped, 70-75 nm in diameter and present a double capsid shell with icosahedral symmetry similar, but not identical, to that of reoviruses. Like rotaviruses, aquareoviruses have a genome composed of 11 segments of doublestranded RNA (dsRNA ; Lupiani et al., 1995) . On the basis of cross-hybridization studies using total genomic RNA probes, aquareoviruses have been classified into five genogroups (A-E ; Lupiani et al., 1993 a) . Among these, genogroup A was found to be the most prevalent. The SBR strain of aquareovirus, isolated from striped bass (Morone saxatilis ; Baya et al., 1990) , is the best characterized of all aquareoviruses (Samal et al., 1991 ; Subramanian et al., 1994 ; Shaw et al., 1996) .The genecoding assignment of SBR strain has been described (Subramanian et al., 1994) . Seven of the twelve viral proteins identified were found to be structural (VP1-VP7) and five proteins were non-structural (NS97, NS39, NS28, NS29, NS15). The VP7 protein, encoded by genome segment 10, has been shown to be glycosylated and is the major outer capsid protein (Samal et al., 1990 ; Subramanian et al., 1994 ; Shaw et al., 1996) . In addition, using reciprocal RNA-RNA hybridization studies, it has been shown that genome segment 10 is the most variable gene between genogroups A and B (Lupiani et al., 1993 a) . The nucleotide sequences of the major outer capsid proteins of other members of the family Reoviridae have been reported (Both et al., 1982 ; Purdy et al., 1985 ; Bassel-Duby et al., 1985 ; Chen et al., 1990 ; Qian et al., 1991) . In general, the major outer capsid protein of these viruses plays an important role in attachment (Weiner & Fields, 1977 ; Greenberg et al., 1983 ; Huismans et al., 1987) and neutralization (Estes & Cohen, 1989) . However, the role of VP7 in aquareovirus infection has not been determined.
A detailed knowledge of the major outer capsid protein of aquareovirus is necessary to analyse its role in the neutralization of virus infectivity in vitro and protection against virus challenge in vivo and may be relevant to the development of a successful vaccine. In this study, we report the cloning and sequence analysis of genome segment 10, which encodes the major outer capsid protein of aquareovirus strain SBR. In order to study the biological functions of VP7, we expressed this protein using a recombinant baculovirus system. The properties of the recombinant baculovirus VP7 protein were also investigated. The aquareovirus SBR was propagated in the chinook salmon embryo (CHSE-214) cell line using standard procedures. SBR was purified from infected cells by a modified procedure of Smith et al. (1969) as previously described (Subramanian et al., 1994) . Purified virus was resuspended in TE buffer and stored at 4 mC until used.
For cloning purposes, dsRNA corresponding to genome segment 10 was extracted from 7n5 % acrylamide gels as previously described (McCrae & Joklik, 1978) . SBR genome segment 10 dsRNA was cloned into the BamHI site of the pGEM-7Zf(j) plasmid vector (Promega) as previously described (Lupiani et al., 1993 b) . Sequence analysis of overlapping cDNA clones specific for viral segment 10 was carried out by the dideoxynucleotide chain termination method using the Sequenase 2.0 sequencing kit (US Biochemical). The sequence data were analysed using version 8.0 of the Wisconsin Sequence Analysis Package (Genetics Computer Group, Madison, Wis., USA). The 3' end of genome segment 10 was cloned by polyadenylation (Cashdollar et al., 1982) followed by PCR. First-strand cDNA synthesis was carried out using oligo-dT as primer. cDNA was amplified using oligo-dT and a virus-specific positive-sense primer (5' CGTACTGAGGTG-GAAGAGATC 3', nucleotides 570-590) in 40 cycles consisting of denaturation at 95 mC for 20 s, annealing at 37 mC for 30 s and extension at 72 mC for 20 s. The PCR product was cloned into a TA cloning vector (Invitrogen) and sequenced as described above. The 5' end of genome segment 10 was cloned using the 5'-RACE reaction kit (Life Technologies). Briefly, genomic dsRNA was denatured in the presence of DMSO and reverse-transcribed with SuperScript reverse transcriptase (Life Technologies) using a virus-specific negative-sense primer (5' CGAGTGGGTGATCGGCTAG 3', nucleotides 549-531). Template RNA was degraded with RNase H and cDNA was tailed with 2 mM dGTP or dCTP. Poly(C) or poly(G) primer and the virus-specific primer used for reverse transcription were used for PCR amplification as described above. The PCR product was cloned and sequenced as described above. In order to confirm the 3' and 5' end sequences obtained by the methods indicated above, both ends were also cloned using the primer ligation method followed by PCR amplification (Bigot et al., 1995) . Briefly, a DNA primer (5' CCCCGGGATCCTGCAGAATTCT 3') was ligated to the 3' ends of genomic dsRNA using T4 RNA ligase. After ligation, dsRNA was denatured and reverse-transcribed using a primer complementary to that ligated to the dsRNA (5' AGAATTCTGCAGGATCCCGGGG 3'). The RNA was degraded with RNase H and the cDNA amplified using the second primer and the two virus-specific primers indicated above : a positive-sense primer for the 5' end and a negativesense primer for the 3' end. The PCR products were cloned and sequenced as described above. Genome segment 10 of SBR was 986 nucleotides long and contained a long open reading frame (ORF) which would encode a protein of 298 amino acids. The three terminal nucleotides at the 5' end were identical to those of Phytoreovirus (5' GGT 3') while the five terminal nucleotides at the 3' end were identical to those of Orthoreovirus serotype 3 (5' TCATC 3'). The first start codon was found at bases 27-29, and was consistent with the optimal consensus initiation sequence (A\G)NNATGG identified by Kozak (1981) . The first stop codon was found at position 921-923, leaving 66 untranslated nucleotides at the 3' end. Additional in-phase initiation codons were found at nucleotides 395-397, 465-467, 666-668, 696-698, 702-704, 753-755, 756-758 and 876-878 , but none of these was within the optimal context for translation initiation. The calculated molecular mass of the deduced protein (32 430 Da) was consistent with that of the SBR VP7 protein estimated by SDS-PAGE, and had an isoelectric point of 7n1. The encoded protein had three potential N-linked glycosylation sites at positions 245, 269 and 276, which confirms the results of Subramanian et al. (1994) who were able to identify VP7 as an N-linked glycoprotein using a glycan detection kit method. In addition, a C2H2-type zinc finger domain was found at position 50-72, but its biological significance was not studied. Comparison of the nucleotide and deduced amino acid sequences of SBR strain genome segment 10 with sequences in the GenBank and SWISS-PROT databases indicated no sequence-or structural organization similarity with any other gene or protein of the family Reoviridae.
In vitro transcription and translation of the largest clone of SBR genome segment 10 cDNA (930 bp) confirmed the presence of a protein with a molecular mass consistent with that estimated by sequence analysis (approximately 32n5 kDa). The in vitro-translated product also showed a molecular mass similar to that of the in vitro-translated product from genome segment 10, suggesting the presence of a full cDNA copy of genome segment 10. The authenticity of the in vitro-translated products was confirmed by immunoprecipitation using polyclonal serum raised against purified SBR virus (Fig. 1 a) .These results indicate that unlike rotaviruses, where the first two inframe initiation codons are used (Chan et al., 1986) , in SBR, only the first one, found to be consistent with Kozak's strong initiation sequence, was used.
Large-scale production of viral proteins using recombinant expression vectors has been shown to be very helpful in studying viral protein functions and developing diagnostic tests and vaccines (Estes et al., 1987 ; Eiden et al., 1994) . Therefore, we evaluated the antigenic and molecular properties of the SBR aquareovirus major outer capsid protein VP7 produced by using a baculovirus expression system. Briefly, genome segment 10 cDNA was excised from the pGEM7Zf(j) plasmid vector and subcloned into the BamHI site of the pVL1393 transfer vector (Invitrogen). The resulting plasmid, pVL1393-SBR10, was cotransfected into Sf-9 cells with wild-type AcNPV DNA using the BaculoGold transfection kit (PharMingen) according to the manufacturer's instructions. After cotransfection, a plaque assay was carried out and single recombinant baculovirus plaques were amplified. The genome segment 10 product, VP7, was expressed in Sf-9 cells infected with the recombinant Ac-SBR10 baculovirus. Analysis of lysates of Ac-SBR10-infected cells in Coomassie blue-stained SDS-PAGE gels revealed the presence of a new protein band at the 33 kDa level which was not seen in lysates of AcNPV or mock-infected cells (Fig. 1 b) . This protein had a molecular mass identical to that of VP7 in SBR purified virus. The quantity of VP7 expressed in baculovirus-infected cells was estimated, by comparison with a parallel electrophoresis of serial dilutions of protein standards (data not shown), to be in the order of 65 mg of VP7 protein per 2i10* Ac-SBR10-infected Sf-9 cells, representing about 60 % of total cellular protein. In order to confirm the authenticity of recombinant VP7 protein, equal amounts of VP7 in both purified SBR virus and Sf-9 cells infected with the recombinant Ac-SBR10 virus, as estimated by Coomassie blue staining, were separated in 12n5 % SDS-PAGE gels and analysed by Western blotting using polyclonal serum raised against purified SBR virus. As shown in Fig. 2 (a) , the reactivity of the recombinant VP7 protein was identical to that of VP7 in purified virus. The baculovirus-expressed VP7 protein was also identified as being authentic by RIPA using polyclonal serum raised against purified SBR virus (Fig. 1 a) . In order to further confirm the authenticity of the recombinant VP7 protein, monospecific serum against recombinant VP7 protein was raised in rabbits and its reactivity with VP7 protein of SBR virus was assayed by Western blot. As shown in Fig. 2 (b) , SBR and recombinant VP7 proteins reacted equally with the monospecific serum. In aquareoviruses, five genogroups (A-E) have been identified using reciprocal RNA-RNA cross-hybridization (Lupiani et al., 1993 a) . Therefore, studies were conducted to examine whether recombinant VP7-monospecific serum could be used to differentiate between strains of the different aquareovirus genogroups. In order to do this, two representative strains of genogroup A and one of each one of the other four genogroups (Lupiani et al., 1993 a) were purified and analysed by Western blot. As shown in Fig. 3 , VP7-monospecific serum only recognized the VP7 protein of genogroup A strains and failed to react with VP7 protein of the other genogroups. The results presented here indicate that the baculovirus recombinant VP7 protein of SBR aquareovirus can be used to differentiate genogroup A aquareoviruses from other aquareoviruses.
Previously we have shown that genome segment 10, which codes for the major outer capsid protein VP7, is the most variable gene between genogroups A and B, since it did not hybridize under any of the stringent conditions used (Lupiani et al., 1993 a) . Therefore, a cDNA probe of SBR genome segment 10 is currently used to differentiate genogroup A aquareoviruses from other aquareoviruses. Since nucleic acid hybridization is time-consuming, expensive and requires sophisticated laboratory procedures, there is a need to develop a rapid, reliable, sensitive and inexpensive method for the classification of future aquareovirus isolates. The possible uses of baculovirus-expressed VP7 to improve current diagnostic tests for aquareoviruses are of considerable interest. Further evaluation will determine whether this serum will significantly improve sensitivity or specificity of aquareovirus diagnostic tests.
In rotaviruses, the two outer capsid proteins, VP4 and VP7, have been shown to be the neutralizable antigens (Kalica et al., 1981 ; Greenberg et al., 1983) . However, no studies have been conducted in order to identify the neutralizing antigens in aquareoviruses. In this study, neutralization assays were done in order to investigate whether monospecific serum raised against VP7 could neutralize SBR virus in CHSE cells. No neutralization was observed, even at serum dilutions as low as 1 : 4. Our results indicate that although VP7 is the major outer capsid protein of aquareovirus, it may not be the neutralizing antigen. It is also possible that the recombinant VP7 protein might have lost important neutralizing epitopes during SDS-PAGE gel purification for the production of antibodies. Further efforts will be necessary to evaluate the role of VP7 in aquareovirus neutralization. Experiments are underway to determine the possible function of VP7 in viral morphogenesis and its potential role in virus neutralization.
